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[57] ABSTRACT 

The present invention relates to organic molecules capable 
of inhibiting protein tyrosine phosphatase activity. The 
invention further relates to the use of such molecules to 
modulate or regulate signal transduction by inhibiting pro 
tein tyrosine phosphatase activity. Finally, the invention 
relates to the use of such molecules to treat various disease 
states including diabetes mellitus. 
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PHARMACEUTICAL COMPOSITIONS AND 
METHODS FOR MODULATING SIGNAL 

TRANSDUCTION 

The present application is a continuation-in-part of appli 
cation Ser. No. 08/481,954, ?led on Jun. 7, 1995, Which is 
currently pending. 

1. INTRODUCTION 

The present invention relates to compounds capable of 
modulating and/or regulating the activity of phosphoty 
rosine phosphatases that regulate signal transduction. 
Speci?cally, the present invention relates to the use of such 
compounds for the treatment of diseases caused by dysfunc 
tional signal transduction. 

2. BACKGROUND OF THE INVENTION 
2.1. Signal Transduction 

Cellular signal transduction is a fundamental mechanism 
Whereby external stimuli that regulate diverse cellular pro 
cesses are relayed to the interior of cells. The biochemical 
pathWays through Which signals are transmitted Within cells 
comprise a circuitry of directly or functionally connected 
interactive proteins. One of the key biochemical mecha 
nisms of signal transduction involves the reversible phos 
phorylation of tyrosine residues on proteins. The phospho 
rylation state of a protein may affect its conformation and/or 
enZymic activity as Well as its cellular location. The phos 
phorylation state of a protein is modi?ed through the recip 
rocal actions of protein tyrosine kinases (PTKs) and protein 
tyrosine phosphatases (PTPs) at various speci?c tyrosine 
residues. 
2.2. Protein Tyrosine Kinases and Phosphatases 
A common mechanism by Which receptors regulate cell 

function is through an inducible tyrosine kinase activity 
Which is either endogenous to the receptor or is imparted by 
other proteins that become associated With the receptor. 
(Darnell et al., 1994, Science 264:1415—1421; Heldin, 1995, 
Cell 80:213—223; PaWson, 1995, Nature 373:573—580). 

Protein tyrosine kinases comprise a large family of trans 
membrane receptor and intracellular enZymes With multiple 
functional domains (Taylor et al., 1992 Ann. Rev. Cell Biol. 
8:429—62). The binding of ligand allosterically transduces a 
signal across the cell membrane Where the cytoplasmic 
portion of the PTKs initiates a cascade of molecular inter 
actions that disseminate the signal throughout the cell and 
into the nucleus. Many receptor protein tyrosine kinase 
(RPTKs), such as epidermal groWth factor receptor (EGFR) 
and platelet-derived groWth factor receptor (PDGFR) 
undergo oligomeriZation upon ligand binding, and the recep 
tors self-phosphorylate (via autophosphorylation or 
transphosphorylation) on speci?c tyrosine residues in the 
cytoplasmic portions of the receptor (Schlessinger and 
Ullrich, 1992, Neuron, 9:383—91, Heldin, 1995, Cell 
80:213—223). Cytoplasmic protein tyrosine kinases 
(CPTKs), such as Janus kinases (e.g., JAK1, JAK2, TYK2), 
Src kinases (e.g., src, lck, fyn) are associated With receptors 
for cytokines (e.g., IL-2, IL-3, IL-6, erythropoietin) and 
interferons, and antigen receptors. These receptors also 
undergo oligomeriZation, and have tyrosine residues that 
become phosphorylated during activation, but the receptor 
polypeptides themselves do not possess kinase activity. 

Like the PTKS, the protein tyrosine phosphatases (PTPs) 
comprise a family of transmembrane and cytoplasmic 
enZymes, possessing at least an approximately 230 amino 
acid catalytic domain containing a highly conserved active 
site With the consensus motif [I/V]HCXAGXXR[S/T]G. 
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The substrates of PTPs may be PTKs Which possess phos 
photyrosine residues or the substrates of PTKs. (Hunter, 
1989, Cell 58:1013—16; Fischer et al., 1991, Science 
253:401—6; Saito & Streuli, 1991, Cell GroWth and Differ 
entiation 2:59—65; Pot and Dixon, 1992, Biochem. Biophys. 
Acta, 1136:35—43). 

Transmembrane or receptor-like PTPs (RPTPs) possess 
an extracellular domain, a single transmembrane domain, 
and one or tWo catalytic domains folloWed by a short 
cytoplasmic tail. The extracellular domains of these RPTPs 
are highly divergent, With small glycosylated segments (e. g., 
RPTPot, RPTPs), tandem repeats of immunoglobulin-like 
and/or ?bronectin type III domains (e.g., LAR) or carbonic 
anhydrase like domains (e.g., RPTPY, RPTPB). These extra 
cellular features might suggest that these RPTPs function as 
a receptor on the cell surface, and their enZymatic activity 
might be modulated by ligands. Intracellular or cytoplasmic 
PTPs (CPTPs), such as PTP1C, PTP1D, typically contain a 
single catalytic domain ?anked by several types of modular 
conserved domains. For example, PTP1C, a hemopoietic 
cell CPTP is characteriZed by tWo Src-homology 2 (SH2) 
domains that recogniZe short peptide motifs bearing phos 
photyrosine (pTyr). 

In general, these modular conserved domains in?uence 
the intracellular localiZation of the protein. SH2-containing 
proteins are able to bind pTyr sites in activated receptors and 
cytoplasmic phosphoproteins. Another conserved domain 
knoWn as SH3 binds to proteins With proline-rich regions. A 
third type knoWn as pleckstrin-homology (PH) domain has 
also been identi?ed. These modular domains have been 
found in both CPTKs and CPTPs as Well as in non-catalytic 
adapter molecules, such as Grbs (GroWth factor Receptor 
Bound), Which mediate protein-protein interactions betWeen 
components of the signal transduction pathWay (Skolnik et 
al., 1991, Cell 65:83—90; PaWson, 1995, Nature 
373:573—580). 

Multiprotein signaling complexes comprising receptor 
subunits, kinases, phosphatases and adapter molecules are 
assembled in subcellular compartments through the speci?c 
and dynamic interactions betWeen these domains With their 
binding motifs. Such signaling complexes integrate the 
extracellular signal from the ligand-bound receptor and relay 
the signal to other doWnstream signaling proteins or com 
plexes in other locations inside the cell or in the nucleus 
(Koch et al., 1991, Science 252:668—674; PaWson, 1994, 
Nature 373:573—580; Mauro et al., 1994, Trends Biochem 
Sci 19:151—155; Cohen et al., 1995, Cell 80:237—248). 
2.3. Abnormal Signal Transduction in Human Diseases 
The levels of tyrosine phosphorylation required for nor 

mal cell groWth and differentiation at any time are achieved 
through the coordinated action of PTKs and PTPS. Depend 
ing on the cellular context, these tWo types of enZymes may 
either antagoniZe or cooperate With each other during signal 
transduction. An imbalance betWeen these enZymes may 
impair normal cell functions leading to metabolic disorders 
and cellular transformation. 

For example, insulin binding to the insulin receptor, 
Which is a PTK, triggers a variety of metabolic and groWth 
promoting effects such as glucose transport, biosynthesis of 
glycogen and fats, DNA synthesis, cell division and differ 
entiation. Diabetes mellitus Which is characteriZed by insuf 
?cient or a lack of insulin signal transduction can be caused 
by any abnormality at any step along the insulin signaling 
pathWay. (Olefsky, 1988, in “Cecil Textbook of Medicine,” 
18th Ed., 2:1360—81). 

It is also Well knoWn, for example, that the overexpression 
of PTKs, such as HER2, can play a decisive role in the 
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development of cancer (Slamon et al., 1987, Science 
235:77—82) and that antibodies capable of blocking the 
activity of this enZyme can abrogate tumor growth (Drebin 
et al., 1988, Oncogene 2:387—394). Blocking the signal 
transduction capability of tyrosine kinases such as Flk-1 and 
the PDGF receptor have been shoWn to block tumor groWth 
in animal models (Millauer et al., 1994, Nature 367:577; 
Ueno et al., Science, 252:844—848). 

Relatively less is knoWn With respect to the direct role of 
tyrosine phosphatases in signal transduction; PTPs may play 
a role in human diseases. For example, ectopic expression of 
RPTPO. produces a transformed phenotype in embryonic 
?broblasts (Zheng et al., Nature 359:336—339), and overex 
pression of RPTPO. in embryonal carcinoma cells causes the 
cells to differentiate into a cell type With neuronal phenotype 

(den Hertog et al., EMBO J 12:3789—3798). The gene for 
human RPTPY has been localiZed to chromosome 3p21 
Which is a segment frequently altered in renal and small lung 
carcinoma. Mutations may occur in the extracellular seg 
ment of RPTPY Which renders a RPTP that no longer 
respond to external signals (LaForgia et al., Wary et al., 
1993, Cancer Res 52:478—482). Mutations in the gene 
encoding PTP1C (also knoWn as HCP, SHP) are the cause of 
the motheaten phenotype in mice Which suffer severe 
immunode?ciency, and systemic autoimmune disease 
accompanied by hyperproliferation of macrophages (Schultz 
et al., 1993, Cell 73:1445—1454). PTP1D (also knoWn as 
Syp or PTPZC) has been shoWn to bind through SH2 
domains to sites of phosphorylation in PDGFR, EGFR and 
insulin receptor substrate 1 (IRS-1). Reducing the activity of 
PTP1D by microinjection of anti-PTP1D antibody has been 
shoWn to block insulin or EGF-induced mitogenesis (Xiao et 

al., 1994, J Biol Chem 269:21244—21248). 

It has been reported that some of the biological effects of 
insulin can be mimicked by vanadium salts such as vana 

dates and pervanadates. Vanadates and pervanadates are 
knoWn to be non-speci?c phosphatase inhibitors. HoWever, 
this class of compounds is toxic because each compound 
contains a heavy metal (US. Pat. No. 5,155,031; Fantus et 
al., 1989, Biochem., 28:8864—71; SWarup et al., 1982, 
Biochem. Biophys. Res. Commun. 107:1104—9). 

3. SUMMARY OF THE INVENTION 

The present invention is directed to the use of organic 
molecules capable of modulating and/or regulating signal 
transduction. The invention is further directed to the use of 
the compounds to inhibit the activity of protein tyrosine 
phosphatases (PTPs). The invention therefore encompasses 
methods of inhibiting protein tyrosine phosphatase activity 
by contacting cells With an effective amount of a compound 
of the present invention or a pharmaceutically acceptable 
salt thereof. Further, the invention encompasses methods of 
treating disease states in mammals, including humans, 
Which are ameliorated by modulating and/or regulating 
signal transduction through the inhibition of protein tyrosine 
phosphatase activity. Such disease states or disorders 
include but are not limited to diabetes and cancer. 

The compounds of the present invention are heterocyclic 
nitrogen containing compounds of formula I: 
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each of Z and Q, Which may be the same or different, 
represents the atoms necessary to complete an unsubstituted 
or substituted nitrogen containing heterocyclic ring; 

each of T1 and T2 Which may be the same or different 
represents alkyl, substituted alkyl, cycloalkyl, substituted 
cycloalkyl, aryl, substituted aryl, aryloxy, halogen, cyano, 
hydroxy, carboxyl, sulfo, carbamoyl, acyl, acylamino, 
thiocylamino, sulfamoyl, or sulfonamido; q=1, 2, or 3, and 
p and r=0, 1 or 2. In formula I, the nitrogen containing 
heterocyclic nucleus identi?ed by the term “Q” is preferably 
nitropyridine or nitrothiaZole. In addition, the present inven 
tion encompasses pharmaceutically acceptable salts or ana 
logs of the above compounds. 

Preferred compounds of the present invention include 
those of formula II: 

Formula II 
Wherein Z, T1 and p are as de?ned above. 

In another embodiment of the present invention, the 
compounds of the present invention are described by the 
formula III: 

N 

4 \A A-S 
5 NO; 

Formula III 
WhereinArepresents a substituted or unsubstituted mono 
cyclic ?ve or six membered ring having 1—4 hetero ring 
atoms, at least one of Which is nitrogen, the remainder of 
Which are selected from nitrogen, oxygen or sulfur, e.g., 
pyridine, pyrrole, imidaZole, thiaZole, isothiaZole, isoxaZole, 
furaZan, pyrrolidine, piperidine, imidaZolidine, piperaZine, 
oxaZole, tetraZole, pyraZole, triaZole, oxadiaZole, thiodiaZ 
ole; (ii) a substituted or unsubstituted monocyclic or fused 
bicyclic six to ten membered ring having 1 to 4 hetero ring 
atoms, one of Which is nitrogen and the remainder of Which 
are nitrogen, oxygen or sulfur, e.g., indole, quinoxaline, 
quinaZoline, quinoline, isoquinoline, purine; or (iii) a sub 
stituted or unsubstituted monocyclic or fused polycyclic 
saturated or unsaturated ring having three to 15 atoms, 
Which are carbon, sulfur, nitrogen or oxygen. 

The heterocyclic rings de?ned above may be saturated or 
unsaturated. The unsaturated rings or heteroaromatic group 
may, if desired, bear one or more substituents Which do not 
substantially adversely affect the activity of the compound 
of formula I. Exemplary of such substituents are alkyl, 
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alkoXy, phenoXy, alkenyl, alkynyl, phenylalkyl, 
hydroXyalkyl, haloalkyl, aryl, arylalkyl, alkyloXy, alkylthio, 
alkenylthio, phenylalkylthio, hydroXyalkyl-thio, 
alkylthiocarbbamylthio, phenyl, cycloheXyl, pyridyl, 
piperidinyl, alkylamino, amino, nitro, mercapto, cyano, 
hydroXyl, a halogen atom, an oxygen atom (forming a 
ketone or N-oXide) or a sulphur atom (forming a thione). 
3.1. De?nitions 
By the term “alkyl” as used herein is meant a straight or 

branched chain saturated hydrocarbon group having from 1 
to 20 carbons such as methyl, ethyl, isopropyl, n-butyl, 
s-butyl, t-butyl, n-amyl, isoamyl, n-heXyl, n-octyl and 
n-decyl. The terms “alkenyl” and “alkynyl” are used to mean 
straight or branched chain hydrocarbon groups having from 
2 to 10 carbons and unsaturated by a double or triple bond 
respectively, such as vinyl, allyl, propargyl, 1-methylvinyl, 
but-1-enyl, but-2-enyl, but-2-ynyl, 1 methylbut-2-enyl, 
pent-1-enyl, pent-3-enyl, 3-methylbut-1-ynyl, 1,1 
dimethylallyl, heX-2-enyl and 1-methyl-1-ethylallyl. The 
term “phenylalkyl” means the aforementioned alkyl groups 
substituted by a phenyl group such as benZyl, phenethyl, 
phenopropyl, 1-benZylethyl, phenobutyl and 
2-benZylpropyl. The term “aryl” as used herein is meant to 
include a monocyclic or bicyclic rings, Wherein at least one 
ring is aromatic including aromatic hydrocarbons or hetero 
aromatic hydrocarbons. The term “hydroXy-alkyl” means 
the aforementioned alkyl groups substituted by a single 
hydroXyl group such as 2-hydroXyethyl, 2-hydroXypropyl, 
3-hydroXypropyl, 4-hydroXybutyl, 1-hydroXybutyl and 
6-hydroXyheXyl. The terms “alkylthio, alkenylthio, 
alkynylthio, alkylthio, hydroXy-alkylthio and phenyl 
alkylthio” as used herein mean the aforementioned alkyl, 
alkenyl, alkynyl, hydroXy-alkyl and phenyl-alkyl groups 
linked through a sulfur atom to group R. 

The term “substituted” as used herein means that the 

group in question, e.g., alkyl group, aryl group, etc., may 
bear one or more substituents including but not limited to 
halogen, hydroXy, cyano, amino, nitro, mercapto, carboXy 
and other substituents knoWn to those skilled in the art. 

The terms “saturated” as used herein means an organic 
compound With neither double or triple bonds. The term 
“unsaturated” as used herein means an organic compound 
containing either double or triple bonds. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1. Dose response effect of compound 10 on the level 
of phosphotyrosine (pTyr) residues on insulin receptor over 
time. 

5. DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is directed to the use of compounds 
capable of modulating or regulating signal transduction in 
normal or diseased cells. The present invention is also 
directed to the use of compounds capable of inhibiting the 
activity of protein tyrosine phosphatases (PTPs) for modu 
lating or triggering signal transduction. The invention is 
further directed to the regulation of cellular processes that 
are controlled by signal transduction through the inhibition 
of the activity of PTPs by the compounds. The invention 
further provides for the use of such compounds in the 
treatment of a subject having a disorder caused by dysfunc 
tional signal transduction. 

In one embodiment of the invention, the compounds of 
the invention are capable of inhibiting the activity of protein 
tyrosine phosphatases, that are transmembrane or 
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6 
intracellular, and that may have one or more characteristic 
catalytic domains. The amino acid sequences of the PTPs in 
the catalytic domains may include but are not limited to 
[I/V]HCXAGXXR[S/T]G (single-letter amino acid code; X 
is any amino acid). In addition, the PTPs may possess one 
or more modular conserved domains, Which include but are 
not limited to, SH2, SH3 and PH domains. In a speci?c 
embodiment of the invention, the compounds of the inven 
tion can be used to inhibit the phosphatase activity of PTP1B 
(Charbonneau et al., 1989, Proc. Natl Acad Sci USA, 86: 
5252—5256), T-cell PTP (Cool et al., 1989, Proc Natl Acad 
Sci USA, 86: 5257—5261, PTP1C (Shen et al., 1991, Nature, 
352: 736—739), PTP1D (Vogel et al., 1993, Science 259: 
1611—1614), RPTPot, RPTPB, RPTPY (Kaplan et al., 1990, 
Proc Natl Acad Sci USA, 87: 7000—7004), RPTPo (Yan et 
al., 1993, J Biol Chem 268: 24880—24886), RPTPK (Jiang et 
al., 1993, Mol Cell Biol, 13: 2942— 2951) and CD45 
(Charbonneau et al., 1988, Proc Natl Acad Sci USA 85: 
7182—7186). The PTPs preferred in the invention are of 
human origin. Inhibition of phosphatase activity that is 
substantially speci?c to a PTP or a set of PTPs in a signaling 
pathWay is preferred. While the inhibition of phosphatase 
activity is believed to be the mechanism of action of the 
compounds of the present invention With respect to their 
ability to modulate and/or regulate signal transduction, 
additional mechanisms have not been ruled out. 
The term “signal transduction” as used herein is not 

limited to transmembrane signaling, and includes the mul 
tiple pathWays that branch off throughout the cell and into 
the nucleus. Such signaling pathWays may include but are 
not limited to the Ras pathWay (Schlessinger, 1994, Curr 
Opin Genet Dev 4:25—30), the JAK/STAT pathWays 
(SadoWski et al., 1994, Science 261:1739—1744), the phos 
phoinositide 3-kinase pathWay and the phospholipase C-y 
pathWay. As used herein, the term “modulation” or “modu 
lating” shall mean upregulation or doWnregulation of a 
signaling pathWay. Cellular processes under the control of 
signal transduction may include, but are not limited to, 
transcription of speci?c genes; normal cellular functions, 
such as metabolism, proliferation, differentiation, adhesion, 
apoptosis and survival; as Well as abnormal processes, such 
as transformation, blocking of differentiation and metastasis. 
Asignal may be triggered by the binding of a ligand to its 

receptor on the cell surface, and the signal is transduced and 
propagated by the phosphorylation or dephosphorylation of 
speci?c tyrosine residues on various substrates inside the 
cell. The speci?c interactions betWeen the PTKs, PTPs and 
their substrates may involve the formation of a transient or 
stable multimolecular compleX on the inner face of the 
plasma membrane or in other subcellular compartments 
including the nucleus. A substrate may contain one or more 
tyrosine residues that are phosphorylated or dephosphory 
lated by PTKs or PTPs in the signaling pathWay. Such 
substrates may include the receptor and its subunits, mol 
ecules associated With or recruited to the receptor such as 
cytoplasmic kinases, cytoplasmic phosphatases, adapter 
molecules, cytoskeletal proteins and transcription factors. 
The term receptor as used herein may include, but is not 
limited to, insulin receptor, members of the insulin-like 
groWth factor receptor family, epidermal groWth factor 
receptor family, ?broblast groWth factor receptor family, 
hepatocyte groWth factor receptor family, vascular endothe 
lial groWth factor receptor family, neurotrophin receptor 
(trk) famiy, the T-cell receptor, the B cell receptor and 
members of the Type I—IV cytokine receptor families 
(Heldin, 1995, Cell. 80: 213—223; Taniguchi, 1995, Science, 
268: 251—255). Adapter molecules that are substrates may 



5,883,110 
7 

include the Grb proteins, IRS-1, Zap-70 and Shc (PaWson et 
al., 1995, Nature 373: 573—580). Cytoskeletal proteins such 
as actin and transcription factors such as the STAT proteins 
(Ihle et al., Trends Biochem Sci, 19:222—227) may also 
serve as substrates. As used herein, the term ligand is 
synonymous With extracellular signaling molecules, and 
includes but is not limited to groWth factors such as insulin, 
EGF, PDGF, ?broblast groWth factors, vascular endothelial 
groWth factor, and neurotrophins; and cytokines such as 
groWth hormone, erythropoietin, tumor necrosis factor, 
interleukins and interferons. The term ligand is not limited 
to soluble molecules, and includes; for example, extracel 
lular matrix proteins, cell adhesion molecules as Well as 
antigenic peptides associated With the major histocompat 
ibility complex proteins on the surface of an antigen 
presenting cell. 

In one embodiment of the invention, the compounds of 
the invention can be used to trigger or upregulate signal 
transduction in cells so that the effect of ligand binding to a 
receptor is enhanced, or mimicked if the ligand is not 
present. The compounds exert the effect by inhibiting or 
diminishing the activity of a phosphatase in the signaling 
pathWay Which normally acts negatively toWard signaling. 
One mechanism by Which PTPs normally doWnregulate 
signal transduction involves the dephosphorylation of spe 
ci?c phosphotyrosine residues (pTyr) on PTKs and their 
substrates since many PTKs require phosphorylation of 
some of its oWn tyrosine residues in order to become 
optimally active in the signaling pathWay. The compounds 
of the invention can be used to prevent the dephosphoryla 
tion of pTyr residues on receptors or their subunits Which 
normally becomes phosphorylated upon ligand binding, 
thereby enhancing the extent and duration of PTK phospho 
rylation. The compounds of the invention can also be used 
to prevent the dephosphorylation of PTKs in Which the 
tyrosine residues become autophosphorylated or transphos 
phorylated due to its basal activity. In these PTKs, a signal 
may be triggered by the compounds of the invention in the 
absence of ligand binding since the basal activity of PTKs is 
sufficient to promote a signal if constitutive PTP activity is 
inhibited or diminished by the compounds. 

Apreferred embodiment of the invention is directed to a 
method of triggering, enhancing or sustaining insulin recep 
tor signal transduction by inhibiting the constitutive dephos 
phorylation of the pTyr sites on the activated insulin recep 
tor. This Would alloW the insulin receptor to remain 
phosphorylated, thus enhancing or sustaining the insulin 
signal. Furthermore, since it has been shoWn that insulin 
receptor is phosphorylated at a loW level even in the absence 
of insulin (Goldstein, 1992, J. Cell Biol., 48:33—42), the 
compounds of the invention can be used to trigger a signal, 
even in the absence of insulin, by alloWing the tyrosine 
residues on the receptor to become self-phosphorylated. 

Another mechanism by Which PTPs may exert a negative 
effect on signaling is through the dephosphorylation of 
speci?c pTyr sites to Which SH2-containing molecules bind 
during signaling. The absence of such pTyr sites Would 
prevent the recruitment of SH2-containing molecules to 
speci?c subcellular compartments to form multiprotein sig 
naling complexes, thereby, preventing the further propaga 
tion of the signal. Thus, the compounds of the invention can 
be used to upregulate or prolong signal transduction by 
preventing the dephosphorylation of pTyr sites on substrate 
proteins that normally serve as binding sites for SH2 
containing proteins Which promote signaling. In another 
embodiment of the invention, the compounds of the inven 
tion may be used to prevent the dephosphorylation of 
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8 
speci?c pTyr residues on any substrate, Which pTyr residues 
are essential to the transmissions or propagation of the 
signal. Furthermore, the compounds of the invention may be 
used to prevent the dephosphorylation of speci?c pTyr 
residues on any substrate, Which pTyr residues are inhibitory 
to signal transduction. 
The compounds of the invention can also be used to 

suppress or doWnregulate signal transduction in cells so that 
the effect of ligand binding to a receptor is abolished or 
attenuated. The compounds can inhibit a phosphatase in a 
signaling pathWay Which normally acts positively toWard 
signaling. For example, PTPs promote signaling through the 
activation of members of the Src family of PTKs. Src family 
PTKs have an inhibitory site of phosphorylation in their 
carboxy termini Which by dephosphorylation activates the 
kinase activity. Thus the compounds of the invention can be 
used to prevent the dephosphorylation of the inhibitory pTyr 
in the carboxy termini of kinases Which function normally to 
promote signal transductions. Src family PTKs may include 
Src, Fyn, Lck, Lyn, Blk, Hck, Fgr and Yrk. Other kinases 
Which may be similarly regulated by a phosphatase may 
include Fak and Csk (Taniguchi, 1995, Science 268: 
251—255). 
The abilities of the compounds of the invention to inhibit 

protein tyrosine phosphatase activity and to trigger or 
upregulate a cellular process Which is controlled by signal 
transduction are demonstrated in the Working example infra. 
5.1. Assays for Determining the Inhibitory Activity of the 
Compounds 

Various procedures knoWn in the art may be used for 
identifying, evaluating or assaying the inhibition of activity 
of protein tyrosine phosphatases by the compounds of the 
invention. In general, such assays involve exposing target 
cells in culture to the compounds and a) biochemically 
analyZing cell lysates to assess the level and/or identity of 
tyrosine phosphorylated proteins; or (b) scoring phenotypic 
or functional changes in treated cells as compared to control 
cells that Were not exposed to the test substance. 
Where mimics of the natural ligand for a signal transduc 

ing receptor are to be identi?ed or evaluated, the cells are 
exposed to the compound of the invention and compared to 
positive controls Which are exposed only to the natural 
ligand, and to negative controls Which Were not exposed to 
either the compound or the natural ligand. For receptors that 
are knoWn to be phosphorylated at a basal level in the 
absence of the natural ligand, such as the insulin receptor, 
the assay may be carried out in the absence of the ligand. 
Where inhibitors or enhancers of ligand-induced signal 
transduction are to be identi?ed or evaluated, the cells are 
exposed to the compound of the invention in the presence of 
the natural ligand and compared to controls Which are not 
exposed to the compound of the invention. 
The assays described hereinbeloW may be used as a 

primary screen to evaluate the phosphatase inhibition activ 
ity of the compounds of the invention. The assays may also 
be used to assess the relative potency of a compound by 
testing a range of concentrations, in a range from 100 pM to 
1 pM, for example, and computing the concentration at 
Which the amount of phosphorylation or signal transduction 
is reduced or increased by 50% (IC50) compared to controls. 

5.1.1. Biochemical Assays 
Target cells having a substrate molecule that is phospho 

rylated or dephosphorylated on a tyrosine residue during 
signal transduction are exposed to the compounds of the 
invention and radiolabelled phosphate, and thereafter, lysed 
to release cellular contents, including the substrate of inter 
est. The substrate may be analyZed by separating the protein 
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components of the cell lysate using a sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) 
technique, in either one or tWo dimensions, and detecting the 
presence of phosphorylated proteins by exposing to X-ray 
?lm. In a similar technique, Without using radioactive 
labelling, the protein components separated by SDS-PAGE 
are transferred to a nitrocellulose membrane, the presence of 
pTyr is detected using an antiphosphotyrosine (anti-pTyr) 
antibody. Alternatively, it is preferred that the substrate of 
interest be ?rst isolated by incubating the cell lysate With a 
substrate-speci?c anchoring antibody bound to a solid 
support, and thereafter, Washing aWay non-bound cellular 
components, and assessing the presence or absence of pTyr 
on the solid support by an anti-pTyr antibody. This preferred 
method can readily be performed in a microtitre plate format 
by an automated robotic system, alloWing for testing of large 
numbers of samples Within a reasonably short time frame. 
Compounds of the present invention Were identi?ed and 
evaluated by this preferred method as described in sections 
infra. 

The anti-pTyr antibody can be detected by labelling it 
With a radioactive substance Which facilitates its detection 
by autoradiography. Alternatively, the anti-pTyr antibody 
can be conjugated With an enZyme, such as horseradish 
peroxidase, and detected by subsequent addition of a calo 
rimetric substrate for the enZyme. A further alternative 
involves detecting the anti-pTyr antibody by reacting With a 
second antibody Which recogniZes the anti-pTyr antibody, 
this second antibody being labelled With either a radioactive 
substance or an enZyme as previously described. Any other 
methods for the detection of an antibody knoWn in the art 
may be used. 

The above methods may also be used in a cell-free system 
Wherein cell lysate containing the signal-transducing sub 
strate molecule and phosphatase is mixed With a compound 
of the invention and a kinase. The substrate is phosphory 
lated by initiating the kinase reaction by the addition of 
adenosine triphosphate To assess the activity of the 
compound, the reaction mixture may be analyZed by the 
SDS-PAGE technique or it may be added to substrate 
speci?c anchoring antibody bound to a solid support, and a 
detection procedure as described above is performed on the 
separated or captured substrate to assess the presence or 
absence of pTyr. The results are compared to those obtained 
With reaction mixtures to Which the compound is not added. 
The cell-free system does not require the natural ligand or 
knoWledge of its identity. For example, Posner et al. (US. 
Pat. No. 5,155,031) describes the use of insulin receptor as 
a substrate and rat adipocytes as target cells to demonstrate 
the ability of pervanadate to inhibit PTP activity. As another 
example, Burke et al. (1994, Biochem Biophys Res Comm 
204:129—134) describes the use of autophosphorylated insu 
lin receptor and recombinant PTP1B in assessing the inhibi 
tory activity of a phosphotyrosyl mimetic. 

In addition to measuring phosphorylation or dephospho 
rylation of substrate proteins, activation or modulation of 
second messenger production, changes in cellular ion levels, 
association, dissociation or translocation of signaling 
molecules, gene induction or transcription or translation of 
speci?c genes may also be monitored. These biochemical 
assays may be performed using conventional techniques 
developed for these purposes. 

5.1.2. Biological Assays 
The ability of the compounds of the invention to modulate 

the activity of PTPs, Which controls signal transduction, may 
also be measured by scoring for morphological or functional 
changes associated With ligand binding. Any qualitative or 
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10 
quantitative techniques knoWn in the art may be applied for 
observing and measuring cellular processes Which comes 
under the control of phosphatases in a signaling pathWay. 
Such cellular processes may include, but are not limited to, 
anabolic and catabolic processes, cell proliferation, cell 
differentiation, cell adhesion, cell migration and cell death. 
The techniques that have been used for investigating the 

various biological effects of vanadate as a phosphatase 
inhibitor may be adapted for use With the compounds of the 
invention. For example, vanadate has been shoWn to activate 
an insulin-sensitive facilitated transport system for glucose 
and glucose analogs in rat adipocytes (Dubyak et al., 1980, 
J Biol Chem 256:5306—5312). The activity of the com 
pounds of the invention may be assessed by measuring the 
increase in the rate of transport of glucose analog, such as 
2-deoxy-3H-glucose, in rat adipocytes that have been 
exposed to the compounds. Vanadate also mimic the effect 
of insulin on glucose oxidation in rat adipocytes (Shechter et 
al., 1980, Nature 284:556—558). The compounds of the 
invention may be tested for stimulation of glucose oxidation 
by measuring the conversion of 14C-glucose to 14CO2. 
Moreover, the effect of sodium orthovanadate on 
erythropoietin-mediated cell proliferation has been mea 
sured by cell cycle analysis based on DNA content as 
estimated by incorporation of tritiated thymidine during 
DNA synthesis (Spivak et al., 1992, Exp Hematol, 
20:500—504). Likewise, the activity of the compounds of the 
invention toWard phosphatases that play a role in cell 
proliferation may be assessed by cell cycle analysis. 

The activity of the compounds of the invention can also 
be assessed in animals using experimental models of disor 
ders caused by or related to dysfunctional signal transduc 
tion. For example, the activity of the compounds may be 
tested for its effect on insulin receptor signal transduction in 
non-obese diabetic mice (Lund et al., 1990, Nature 
345:727—729), BB Wistar rats and streptoZotocin-induced 
diabetic rats (Solomon et al., 1989, Am J Med Sci 
297:372—376). The activity of the compounds may also be 
assessed in animal carcinogenesis experiments since phos 
phatases can play an important role in dysfunctional signal 
transduction leading to cellular transformation. For 
example, okadaic acid, a phosphatase inhibitor, has been 
shoWn to promote tumor formation on mouse skin 

(Suganuma et al., 1988, Proc Natl Acad Sci 85:1768—1771). 
The data obtained from these cell culture assays and 

animal studies can be used in formulating a range of dosages 
for use in humans. The dosage of the compounds of the 
invention should lie Within a range of circulating concen 
trations With little or no toxicity. The dosage may vary 
Within this range depending on the dosage form employed 
and the route of administration. 
The above-described assays are exemplary and not 

intended to limit the scope of the invention. Those of skill in 
the art Would appreciate that modi?cations can be made to 
the assays to develop equivalent assays that obtain the same 
result.25 
5.2. Phosphatase Inhibitors 
The present invention encompasses compounds capable 

of regulating and/or modulating signal transduction by, 
including but not limited to, inhibiting the activity of protein 
tyrosine phosphatases. More speci?cally, the present inven 
tion encompasses compounds capable of inhibiting protein 
tyrosine phosphatase activity. These compounds Will be 
referred to herein generically as “phosphatase inhibitors”, 
even though these compounds either upregulate or doWn 
regulate cellular processes that are controlled by signal 
transduction. Generally, the compounds of the present 
invention are nitrothiaZole compounds or derivatives 
thereof. 
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More speci?cally, the compounds of the present invention 
are heterocyclic nitrogen containing compounds Which are 
described by the following general formula I: 

Formula I 
Wherein: 

each of Z and Q, Which may be the same or different, 
represents the atoms necessary to complete an unsubstituted 
or substituted nitrogen containing heterocyclic ring; 

each of T1 and T2 Which may be the same or different 
represents alkyl, substituted alkyl, cycloalkyl, substituted 
cycloalkyl, aryl, substituted aryl, aryloxy, halogen, cyano, 
hydroxy, carboxyl, sulfo, carbamoyl, acyl, acylamino, 
thioacylamino, sulfamoyl, or sulfonamido; q=1, 2, or 3, and 
p and r=0, 1 or 2. In formula I, the nitrogen containing 
heterocyclic nucleus identi?ed by the term “Q” is preferably 
nitropyridine or nitrothiaZole. In addition, the present inven 
tion encompasses pharmaceutically acceptable salts or ana 
logs of the above compounds. 

Preferred compounds of the present invention include 
those of formula II: 

\ 
z 

. N. 

(T1)P 

Formula II 
Wherein Z, T1 and p are as de?ned above, and pharmaceu 
tically acceptable salts thereof. 

In another embodiment of the present invention, the 
compounds of the present invention are described by the 
formula III: 

N 

4 \A A-S 
5 NO; 

Formula III 
WhereinArepresents a substituted or unsubstituted mono 
cyclic ?ve or six membered ring having 1—4 hetero ring 
atoms, at least one of Which is nitrogen, the remainder of 
Which are selected from nitrogen, oxygen or sulfur, e.g., 
pyridine, pyrrole, imidaZole, thiaZole, isothiaZole, isoxaZole, 
furaZan, pyrrolidine, piperidine, imidaZolidine, piperaZine, 
oxaZole, tetraZole, pyraZole, triaZole, oxadiaZole, thiodiaZ 
ole; (ii) a substituted or unsubstituted monocyclic or fused 
bicyclic six to ten membered ring having 1 to 4 hetero ring 
atoms, one of Which is nitrogen and the remainder of Which 
are nitrogen, oxygen or sulfur, e.g., indole, quinoxaline, 
quinoline, isoquinoline, quinaZoline, purine; or (iii) a sub 
stituted or unsubstituted monocyclic or fused polycyclic 
saturated or unsaturated ring having three to 15 atoms, 
Which are carbon, sulfur, nitrogen or oxygen. The invention 
further encompasses pharmaceutically acceptable salts of 
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the above described compounds. Exemplary structures 
Within group above are: 

N—N 

A X A yaw 
-S 5 S 

(M - s (R)n 

Wherein: 

R is hydrogen, halogen, cyano, nitro, amino, amido, 
carboxy, acylamino, hydroxy, alkyl, substituted alkyl, 
alkoxy, substituted alkoxy, cycloalkyl, substituted 
cycloalkyl, aryl, substituted aryl, arylalkyl, e.g., benZyl; 
aryloxy, e.g., phenoxy; a ?ve or six membered heterocyclic 
ring containing 0 to 3 hetero atoms Which are either sulfur, 
nitrogen or oxygen, Which heterocyclic ring may be substi 
tuted or unsubstituted; 
R2 is hydrogen, alkyl, substituted alkyl, alkoxy, substi 

tuted alkoxy, cycloalkyl, substituted cycloalkyl, aryl, sub 
stituted aryl; arylalkyl, substituted arylalkyl; and n is 0 to 5. 

Preferred structures Within group above are: 

Wherein: 

R2 is hydrogen, alkyl, substituted alkyl, alkoxy, substi 
tuted alkoxy, cycloalkyl, substituted cycloalkyl, aryl, sub 
stituted aryl; arylalkyl; substituted arylalkyl; 

R3 is hydrogen, halogen, cyano, nitro, hydroxy, alkyl, 
substituted alkyl, alkoxy, substituted alkoxy, cycloalkyl, 
substituted cycloalkyl, aryl, substituted aryl, arylalkyl; sub 
stituted arylalkyl, carboxy, amido, amino, acylamino, 
sulfonyl, sulfonamido, aminosulfone, a ?ve or six mem 
bered heterocyclic ring containing 1 to 2 hetero atoms Which 
are either sulfur, nitrogen or oxygen, Which heterocyclic ring 
may be substituted or unsubstituted. 

Exemplary structures falling Within group (ii) above are: 

Exemplary structures falling Within group (iii) above are 
cyclopentyl, cyclohexyl, adamantyl, tetrahydroquinoline, 
tetrahydropyraZole, as Well as substituted derivatives 
thereof. 

Speci?c examples of preferred compounds Within the 
scope of the present invention include but are not limited to 
compounds of formula (IV): 
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R2 0 
/ \\ O N N — N 

R3 N N + N 

Y / \ / A A O k 
/>— s —4 5 O’ s S N O 

N 5 N02 \ 
\ N H 

Formula IV 10 \ 
wherein R2 and R3 are as de?ned below in Table I. 

CH 
TABLE I \O 

C E N 
COM- ACTIVITY 
POUND CONCEN- (compared 15 O N 

NO. R3 R2 TRATION to control) 0 Q S ‘\>\ 
1 1-ethyl-3- —(CH2)3OCH3 3.9 ,uM (50%) CH3/ N 5 N02 

methyl- 0 
pyrazole-S-yl / 

2 t-butyl H 4.1 ,uM (50%) 20 CH3 
3 thiophene-Z-yl H 7711M (50%) 
4 OH cycloheXyl 100 ,uM (30%) COMPOUND 10 
5 OH phenyl 13 ,uM (30%) 
6 OH o-tri?uoro 24 ,uM (30%) 

methylphenyl 
7 phenyl H 53 ,uM (30%) 25 
8 p-Chlorophenyl H 100/1M (30%) N 

9 OH benzyl 200 ,uM (35%) X 
100 ,uM 8% 5 —Z/ 

( ) HO 5 No; 

Additional compounds Within the scope of the present 30 COMPOUND 11 
invention are found in the Working examples. Generally, the 
compounds of the present invention are election-accepting 
compounds, some of Which have been reported as light OZN N 
sensitive agents for photographic materials. Compounds \ 
Within the scope of the present invention are described in 35 5% 
US. Pat. Nos. 5,198,333, 3,870,725 and 3,850,939 which 5 N02 
are incorporated by reference herein in their entirety. N02 
Compounds Within the scope of the present inventions 

also include the folloWing compounds as Well as their 
pharmaceutically acceptable salts: 

COMPOUND 12 


























































